The expression of the P22 late operon was measured while the activator of the late operon, the product of gene 23, was provided in cis or in trans. It was found that expression of the late operon, assayed from a late-gene-lacZ gene fusion, was reduced by more than twofold when the only functional copy of gene A list of phage and bacterial strains used appears in Table  1 . The fusions used in this study were constructed by ligating a fragment containing the Escherichia coli lac operon in place of the 2.6-kilobase BamHI fragment of P22 2063 (Fig.  1) . The lac regions used were the BamHI-BglII fragments of pMC903, containing the lac operon without its promoter, and pMC931, which lacks the lacZ ribosome-binding site and the first 22 base pairs of the lacZ gene (4). P22 2063 contains deletion 155 (about 5 kilobases), which allowed P22 to accept the larger lac fragments in place of its own 2.6-kilobase internal BamHI fragment while retaining a genome length that could be packaged in a head with terminal repetition. The deletion of the P22 BamHI fragment inactivates gene 9, the P22 tail gene; phage lacking tails can be converted into infectious phage in vitro by the addition of purified tail protein (9, 18). The ligation mixtures were used to transfect E. coli DB5142 recBC sbcB, and transfected cells were plated on a lawn of S. typhimurium DB4566 hsdSA hsdL in the presence of 1011 P22 tail equivalents and the chromogenic ,B-galactosidase substrate 5-bromo-4-chloro-3-indolyl-p-D-galactopyranoside. In the construction produc-* Corresponding author. t Present address: Department of Microbiology and Molecular Genetics, Harvard University Medical School, Boston, MA 02115.
Salmonella typhimurium bacteriophage P22 is a temperate phage in the lambdoid family (for review, see reference 14) . P22 genes can be divided into two broad groups based on the temporal order of gene expression upon infection. The early genes are those involved in the decision between lysis and lysogeny, replication, integration into the bacterial chromosome, and the control of late-gene expression. The late genes code for proteins necessary for phage morphogenesis during the lytic cycle, including all of the structural proteins of the phage capsid. There is good evidence that the late genes are expressed as a single transcriptional unit under the positive control of early gene 23. In phages carrying a 23 mutation, expression of all the late genes is deficient (2, 17) . In both lambda and P22, there is a promoter located at the upstream end of the late genes that makes a short transcript in vitro (12) . In lambda, this transcript can be extended in vitro in the presence of the purified Q protein (8 constructed an operon fusion downstream from the J gene at ne fusion was chosen for further the promoter-distal end of the operon. In the first study, expression was found to be about 1/10 of that of wild type ession of the fusion on gene 23 when Q was provided in trans, while in the second study, ions of fusion phage carrying a expression was much less than that. These experiments, uble-amber allele (Fig. 2) . As unlike the one described above, were done under recombination-deficient conditions. The considerably greater trans activity of p23 found in this study is unlikely to be due entirely to recombinants that put a functional 23 gene cis to the fusion. This activity may reflect a difference in the action of gene 23 relative to the lambda gene Q in either the concentration of the late-gene activator or in its affinity to its site of action (10) . with each phage at a multiplicity of 5. It was observed that the fusion phages, which are 9 and depend on tail protein that is added exogenously, adsorb poorly in the presence of wild-type phage. Accordingly, the 9 phage was allowed to adsorb for 20 min at room temperature in the absence of the coinfecting 9+ phage. The 9' phage was then added and allowed to adsorb for an additional 5 min, and M9CAA was added so that the final cell density was 2 x 108/ml. The infected cells were incubated at 37°C with aeration, and portions were removed for p-galactosidase assay, as described by Miller (11) 
